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(54) Process for producing optical 
glass 

(57) Optical glass is produced by (1 ) 
heating a porous gel to a high 
temperature to bring about partial 
sintering, (2) heating it in a chlorine- 
containing atmosphere to bring about 
hydroxy! group removal to a 



temperature below that of (1 ), and 
then further heating it to sinter it to a 
temperature above that of (2). The 
optical glass produced by this process 
does not rise in bubbles, even when 
heated. The preferred gel is silica gel 
and step (1 ) is preferably carried out 
until a specific surface area of 
30— 100mVgis obtained. 
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SPECIFICATION 

Process for producing optica! glass 

Background of the Invention 

The present Invention relates to a process for 
5 producing optical glass by heating and sintering a 
porous gel prepared by hydrolyzlng a metal 
alchoxide. Particularly, it relates to a process for 
producing glass for optical parts required to have a 
low residual water content, for example, optical 

1 0 guides, lenses, prisms, and the like. 

There have recently been known a method for 
producing a non-porous block body (e.g., silica 
glass body) by sintering a porous gel obtained by 
hydrolyzing a metal alchoxide (e.g., Si(OCH 3 ]J 

1 5 (hereinafter refened to aa "a sol-gel method"). 
As references presenting such a process for 
producing glass, there may be exemplified M. 
Yamane et el.; Journal of Materials Science, vol. 
1 4 (1 979), pages 607 — 61 1 . There have been 

20 invented, by inventors Including the present 
inventors as main ones, processes for producing 
optical glass by sintering s high silica gel obtained 
by hydrolyzing a metal alchoxide (wherein the 
metal also include Si and Ge). Details of these 

25 inventions are disclosed in a) the specification of a 
patent application already filed In Japan as 
Japanese Patent Application No. 3957/79 in 
which the main inventors sre the present 
inventors, and also filed in U.S A, Great Britain, 

30 West Germany, France, Netherlands and Canada 
claiming the priority of said Japanese Patent 
Application, b) the specifications of patent 
applications already filed in Japan as Japanese 
Patent Application Nos. 150082/79, 169335/79, 

35 95755/80 and 95758/80 in which the inventors 
are the same as the present inventors, and also 
filed in U.SA and Europe (European Patent 
Application in which Great Britain, West Germany, 
France and Netherlands are designated) claiming 

40 the priorities of these Japanese Patent 
Applications, c) the specification of a patent 
application already filed in Japan as Japanese 
Patent Application No. 4600/80 in which the 
inventors are the same as the present Inventors, 

45 and also filed In U.S A and Europe (European 
Patent Application in which Great Britain, West 
Germany, France and Netherlands are designated) 
claiming the priority of said Japanese Patent 
Application, and d) the specifications of patent 

50 applications already filed in Japan as Japanese 
Patent Application Noa 55485/80 and 96757/80 
in which the inventors are the same as the present 
inventors, and also filed in U.S A, Great Britain 
and West Germany claiming the priorities of these 

55 Japanese Patent Applications. 

The outline of the aforesaid sol-gel method 
comprises using, for example, Si(OCH 3 ) 4 as a 
starting material, mixing and stirring it with CH,0H 
and H 3 0, transferring the resulting mixture into a 

60 desired vessel, making the vessel almost air-tight, 
allowing the vessel to stand to subject the mixture 
to gelation, gradually lowering the degree of air- 
tighteness of the vessel to eavporate residues 
(water, alcohol, etc.,) with drying, and then 



85 sintering the gel at a temperature of 1 , 1 0O°C or 
higher to make it into glass. 

The silica gel obtained by the aforesaid sol-gel 
method is a porous block having a specific surface 
area of about 800 m Vg and has a pore size of 20 

70 to 1 00 A though that depends on the production 
conditions. When the gel Is assumed to be an 
aggregate of fine particles, it corresponds to an 
aggregate of fine particles having a size of about 
50 A. When there is heated and sintered as usual 

75 such a porous block prepared by the hydrolysis, 
said block having a large specific surface area, 
namely, many adsorptlve points on surface, the 
gel sometimes rises in bubbles, and, in an extreme 
case, it bursts. Main adsorb a tes causing the 

80 above-mentioned rising-in-bubbles include, for 
example, water and the alcohol which are starting 
materials for the hydrolysis solution and the 
chemically adsorbed OCH, group, OH group, and 
the like. Therefore, In sintering the porous gel, the 

86 removal of these residues Is indispensable. 

Concretely, the adsorbed alchol and water are 
removed by heating the porous gel to about 
300°C, after which the OCH, group is subjected to 
oxidation treatment (called "OCH, removal 
90 treatment" or "carbon removal treatment") at 
about 400°C As to treatment of removing the OH 
group (called "OH removal treatment" or 
"hydroxy! group removal treatment"), it is well 
known to those skilled in the art that it can be 
95 achieved to a certain extent by heating the porous 
gel at 400°C or higher In an atmosphere of thionyl 
chloride or chlorine. Since the OH removal 
treatment la attributable to the substitution 
reaction of CI for OH, a rapid reaction is achieved 

100 at 700°C or higher. 

When the porous gel subjected to the above- 
mentioned heating, oxidation and OH removel 
treatments is heated and sintered, it sometimes 
rises in bubbles. There are thought to be two 

1 05 causes for this. One of them is that a large amount 
of CI substituted for OH In the OH removal 
treatment is incorporated into the glass by 
sintering. The other is that the atmosphere gas for 
sintering is shut up in closed pores. The latter 

1 10 cause Is also dependent on the pore distribution In 
the gel and the like. 

When glass rises In bubbles owing to heating, 
the glass is inevitably extremely limited in use and, 
in general, becomes unsuitable for optical uses, 

115 and it becomes impossible to produce an otpical 
guide by using the glass as a base material. 

The following references are cited to show the 
state of the art; i) Japanese Patent Appln Kokai 
(Laid-Open) Noa. 100231/80,92135/81 and 

120 104732/81, and 11) M. Yamane et el., Journal of 
Materials Science, vol. 14 (1 979), pages 
607—611. 

Summary of the Invention 

An object of this invention is to provide a 
125 process for producing such optical glass as does 
not rise in bubbles even when heated and which 
process overcomes the disadvantages of the 
above-mentioned prior art, and to provide a 



process for producing such optical glass as does 
not rise in bubbles even when heated and sintered 
by which in a production process of glass having a 
tow OH content, the content In the glass of 
5 chlorine substituted for OH in OH removal 
treatment Is greatly reduced 

This invention provides a process for producing 
optical glass which comprises 

i) a step of partly sintering a porous gel by 
10 heating said gel to a high temperature, 

ii) a step of subjecting the partly sintered gel to 
a hydroxyl group removal treatment by heating it 
In a chlorine-containing atmosphere to such a 
temperature as is lower than the heating 

1 5 temperature in the above-mentioned step i) and 
ranges from 400°C to 1 ,000°C, and 

Hi) a step of sintering the thus treated gel by 
heating it to a temperature higher than the heating 
temperature in the above-mentioned step ii). 

20 Brief Description of the Drawing 

The attached drawing is a graph showing the 
relationship between the specific surface area of 
silica gel before the hydroxyl group removal 
treatment (step ii} and the chlorine content in 

26 glass obtained by subjecting the gel to the 
hydroxyl group removal treatment and the 
sintering treatment (step iii). 

Description of the Preferred Embodiments 
The process for producing optical glass of this 

30 invention is characterized by inserting a step of 
partly sintering porous gal with heating before a 
step of heat treatment in an atmosphere of 
chlorine in a well-known process for producing 
optical glass comprising preparing a porous gel by 

36 hydrolyzing a metal alchoxide, subjecting the 
porous gel (obtained by subjected to a treatment 
of removing the adsorbed water, alcohol and OCH, 
group by heating) to hydroxyl group removal 
treatment by heating it In an atmosphere of 

40 chlorine, and then sintering the porous gel by 
heating it to about 1 ,050°C to about 1,300°C. 

The porous gel used in the aforesaid step i) is 
prepared by hydrolyzing a metal alchoxide, freed 
of the absorbed water and alcohol by heating, and 

46 then subjected to OCH, group removai treatment 
by further heating it to a higher temperature. The 
removal of the adsorbed water and the like can 
sufficiently be achieved also by heating the porous 
gel in a suitable atmosphere containing oxygen at 

50 a suitable heating rate. A representative porous 
gel in this invention is silica gel, which is prepared 
by hydrolyzing silicon alchoxide, and is heated, for 
example, to about 300°C for removel of the 
adsorbed watBr and alcohol and, for example, to 

55 about 400°C for the removal of the OCH, group. 
The silica gel may contain at least one desired 
dopant element (e.g.. Ge, P, B, Ta, Zr or the like). A 
process for producing a porous gel is described in 
detail also in the specification of the patent 

60 applications described above BACKGROUND OF 
THE INVENTION, and as the porous gel in this 
invention, those produced according to the prior 
arts may be used. 



The partly sintering in the step i) Is easy when it 
66 is canried out at a temperature a Uttfe lower than 
the conventionally known sintering temperature, 
and, in a word, it is important that a specific 
surface area of the gel should be adjusted to 30 
to 1 00 mVg by the partly sintering in said step. 
70 The gel is given a specific surface area of 30 to 
1 00 mVg by partly sintering it in the step i), and, 
for example, in the case of porous silica gel, ft is 
sufficient to heat it at about 950°C— 1,1 00°C for 
a predetermined time, or heat It to said 
75 temperature at a predetermined heating rate. 
Needles to say, the higher the heating 
temperature is made, the shorter the substantial 
heating time is made. In usual, the gel is heated 
from 0.1 to 10 hours. The atmosphere is usually 
80 an oxidizing atmosphere, and thre may be used 
pure oxygen, inert gases such as He and the lace or 
neutral gases such as N, and the like containing 
1% by volume or more of oxygen, air, etc. though 
inert or neutral gases alone may be used. In 
86 general, an atmosphere for the OCH, group 
removal treatment Is conveniently used. When a 
gas containing 50* by volume or more of He. 
particularly a mixed gas of He and oxygen is used, 
particularly good results can be obtained. 
90 As to the aforesaid partly sintering in the 
practical production of glass, it is sufficient that 
such heating conditions and atmosphere that the 
specific surface area becomes 30 to 1 00 m*/g are 
found by performing a simple experiment 
95 according to the above-mentioned matters, after 
which the partly sintering is carried out according 
to the experimental resuiis. 

When the specific surface area of the gel 
exceeds 1 00 m'/g, the gel tends to rise in bubbles 

100 when heated and sintered unless the gel is 
subjected to a special step of removing chlorine 
substituted for the hydroxyl group, and when it is 
less than 30 m a /g, the hydroxyl group removal 
rates in the aforesaid step ii) becomes very slow. 

1 05 Therefore, these cases are both not desirable. The 
specific surface area of the gel is more desirably 
1 00 to 70 mVg, most desirably about 90 m Vg. 

It is sufficient that the hydroxyl group removal 
treatment in the aforesaid step II) Is carried out at 

1 10 400° to 1 ,000°C in the heretofore known 
manner, and its details are also disclosed In the 
above-mentioned specifications of the patent 
applications. However, the treatment should be 
earned out at a temperature lower than the 

1 1 5 temperature for the partly sintering in the 

aforesaid step i); otherwise the sintering proceeds 
further and this is not desirable. 

When the treatment temperatures Is lower than 

« n« 400 ° C ' a h^roxyi group removal phenomenon is 

1 20 hardly observed, and when it exceeds 1 .000° C. 
chlorine in the atmosphere tends to be 
incorporated into the glass. Therefore, these cases 
are both not desirable. The treatment temperature 
in the step ii) is more preferably 700° C to 900° C. 

125 most preferably about 800°C. 

The atmosphere in the step ii) is a chlorine- 
containing atmosphere, and can be a gas 
containing 1% or more of Clj, though besides CI,, 



chlorine compounds such as SiCI 4 and the like 
may be abo used. It la also possible to replace the 
CI, by a compound which la pyroryzed to generate 
Clj, for example, SOCI,, CCI« or the like, and aa a 
6 gas to be mixed therewith, there may be used inert 
gases, neutral gases, oxygen, or the like. The 
atmosphere can be more preferably 0, gas 
containing 5 to 50% by volume of Cl r When the CI, 
content in the atmosphere is less than 1 % by volume, 
10 no sufficient hydroxv-grcup-nemovkig effect cannot 
be expected to be brought about The atmosphere 
may also be pure chlorine. The heating time may 
be determined according to conventional 
processes and la generally 1 to 20 hours. 

IS It is sufficient that the sintering in the step iil) is 
carried out according to the sintering step well 
known In the sol-gel method; in usual, the gel is 
heated In He or in vacuo at 1 ,060° to 1 ,300°C, 
and the heating time is 1 hour or less. The heating 

20 temperature in the step ill), Is, made higher than 
the heating temperature (at which the sintering 
does not proceed) In the step I!). 

The process for producing optical glass of the 
present Invention Is applicable both to large-sized 

25 glass and to small-sized glass, and in both cases, 
satisfactory results can be obtained. Particularly 
when a large-sized glass material is produced by 
the sol-gel method, it becomes almost impossible 
to prevent the gel from rising in bubbles unless the 

30 process of the present invention is employed. 
The substitution of CI for OH in the hydroxy! 
group removal treatment is thought to proceed 
mainly on the surfaces of pone* of the gel bscsuss 
CI, does not diffuse In bulky silica glass body at a 

38 temperature of 800° to 1 ,000° C. That Is to say, 
the number of adaorpth/e sites for a Is expected to 
be proportional to the surface area of the porous 
block. On the other hand, the diffusion rats of OH 
present in the fine particles (having a size 

40 corresponding to about 1 00 A) of the porous gel Is 
fairly high as estimated from the diffusion 
coefficient 0 (=~10- f cmVs) of OH, at 800°C, in 
silica glass. Therefore, the OH group present In the 
inside of the fine particles diffuses aa far as the 

45 surfaces of the fine particles (surfaces of the 
pores), and then is replaced by CI to be removed. 

The results of an experiment performed In the 
expectation described above aa shown in Figure 1 . 
.The axis of abscissa refers to the specific surface 

50 areas of porous gels and the axis of ordinate to the 
chlorine content of glass obtained by subjecting 
each of the gels having the respective specific 
surface ares shown on the axis of abscissa to OH 
removal treatment at 900°C and then sintering it 

55 to make It non-poroua. Here, the chlorine content 
is obtained from the refractive index of the non- 
poroua glass body. The porous gels differing In 
specific surface area from one another were 
prepared by a method comprising partly sintering 

60 a gel at 900° to 1 , 1 00°C to partly stop the pores, 
thereby reducing the surface area of the pores. As 
is obvious from the attached drawing, the amount 
of chlorine contained In the non-porous glass body 
after sintering is proportional to the specific 

65 surface area of the gel before chlcrinetion for OH 



removal. In addition the amount of OH was 
outside the limits of measurement (< 3 ppm) at all 
the measured points in the drawing. Further, it Is 
added that when the specific surface area was 

70 reduced, the rate of the OH removal treatment 
was somewhat slowed down. 

It has become clear from the above that the CI 
content In the bulky glass body can be lowered by 
reducing the specific surface area of the porous 

75 geL 

The present invention is further explained 
below in more detail referring to Examples. 

Example 1 
There were mixed and stirred 1 5.2 g of 
80 SNOCHjV 14.4 g of methanol and 7.2 g of 
distilled water, and the resulting mixture was 
placed In a glass vessel hsvlng an inside diameter 
of 10mm, and then subjected to gelation in an 
oven at 70° C, after which the residual water and 
88 methanol waa evaporated to dry the gelation 
product, whereby a cylindrical gel having a diameter 
of about 5.3 mm was prepared. The gel had a 
specific surface area of about 600 mVg, a bulk 
density of about 1.15 g/crrr 1 , and an average pore 
90 size of about 20 A as calculated from the specific 
surface area and the buflt density. Several gel pieces 
obtained by cutfog said gel to a length of 20 mm 
were heated at the seme time, after which the 
adsorbed alcohol and water were first evaporated at 
95 200°C, and OCH, waa then oxidized and removed 
at 400°C. Subsequently, one of the gel pieces waa 
hsstsd to S00°C M a heating rate of about 100°Cfor 
in an atmosphere of oxygen, after which its specific 
surface area was measured to find that it waa 

100 somewhat decreased to about 500 mVg. When 
the other gel pieces were similarly heated to 
temperatures of 900° C, 1,000°C and 1,100°C, 
respectively, their specific surface areas could be 
adjusted to about 300, about 1 00 end about 1 0 

105 m*/g, respectively. The atmosphere was oxygen in 
all the cases. 

However, the test piece In the case of heating 
to 1 ,1 00° C rose in bubbles owing to stopped 
pores which are thought to have been formed in 

110 the process of sintering. 

When gel pieces prepared under the same 
conditions aa above were subjected to oxidation 
treatment under the same conditions, and then 
heated In an atmosphere containing 50% by 

1 1 5 volume or more of He (the balance being oxygen) 
to partly sinter It the specific surface areas In the 
case of heating them to 800°C, 800° C, 1 ,000°C 
and 1 ,1 00°C, respectively, were the same as the 
above-mentioned respective specific surface 

120 areas, and even the test piece in the esse of 
heating to 1 ,1 00°C did not rise in bubbles. 
However, when this test piece sintered at 
1 ,1 00°C was heated to 1 ,200°C. It rose in 
bubbles probably because of OH contained 

125 therein. 

The gel pieces partly sintered et 800°C, 900° C 
and 1,000°C respectively, in the aforesaid He- 
containing atmosphere were treated at 800° C in 
an atmosphere of chlorine for about 1 0 hours, and 



than heated to 1 ,300°C and sintered in an 
atmsophere of He. The amounts of OH and CI in 
the thus treated gei pieces were measured to find 
that the amount of OH was 3 pom or less, and that 
S the amount of CI contained therein decreased 
with a decrease in the specific surface area before 
chlorination and was about 4,000 ppm for the test 
piece which had been sintered at 1 ,000°C and 
had a specific surface area of about 1 00 mVg. 

10 Rising-in-bubbles due to the contained chlorine 
took place when the amount of the contained 
chlorine was about 5,000 ppm or more. Therefore, 
it is desirable to remove OH at a specific surface 
area of 1 00 mVg or less. However, the OH 

1 6 removal treatment rate tends to be slowed down 
with the reduction of the specific surface area. Aa 
a result of experiments, it was revealed that when 
the specific surface area Is 30 mYg or less, the 
treatment cannot be completed at a practical rate. 

20 The specific surface area and pore distribution 
of the produced gel vary depending on the 
conditions of producing a gel, for example, the pH 
value of a hydrolysis solution for Si(0CH,) 4 . With 
the variation of the gel state, the relationship 

25 between the aforesaid partly sintering 

temperature and the specific surface area of the 
gel varies. However, the techniques and 
conceptions for reducing the amount of CI 
remaining in the bulky, glass body which have 

30 been stated in this invention are widely applicable, 
and it is sufficient that necessary data are 
ascertained by experiments. Further, said 
techniques and conceptions, of course, also apply 
in the case of various starting materials, 

35 particularly compositions comprising silica and at 
least one dopant element {e.g., Ge, P, Zr.-TI, Sn, Bl, 
Te, Ta or the like), and this is not difficult to 
understand. 

Obviously, many modifications and variations of 
40 the present invention are possible in the light of 
the above teachings, it is therefore to be 
understood that within the scope of the appended 
claims, the invention may be practiced otherwise 
than as specifically described. 



46 CLAIMS 

1 . A process for producing optical glass which 
comprises 

i) a step of partly sintering a porous gei by 
heating said gei to a high temperature. 

50 ii) a step of subjecting the partly sintered gel to 
a hydroxy! group removal treatment by heating it 
In chlorine-containing atmosphere to a 
temperature lower than the heating temperture in 
the above-mentioned step i), and 

55 Hi) a step of sintering said gel by heating it to a 
temperature higher than the heating temperature 
in the above-mentioned step if). 

2. A process for producing optical glass 
according to Claim 1 , wherein said porous gel Is 

60 silica gel. 

3. A process for producing optical glass 
according to Claim 1 or 2, wherein said process i), 
said gei is partly sintered until the specific surface 
area of said gel becomes 30 to 1 00 mVg. 

66 4. A process for producing optical glass 

according to Claim 3, wherein said specific surface 
area Is 70 — 1 00 mVg. 

5. A process for producing optical glass 
according to any one of the preceding claims, 

70 wherein the atmosphere in said step i) is at least 
one of oxygen, inert gases, neutral gases and air. 

6. A process for producing optical glass 
according to Claim 5, wherein the atmosphere in 
said step i) is a gas containing He. 

75 7. A process for producing optical glass 
according to Claim 5, wherein the atmosphere In 
said step 1) Is a gaa containing 50% by volume or 
more of He. 

8. A process for producing optical glass 

80 according to Claim 5, wherein the atmosphere in 
said step i) is a gas containing oxygen and 5096 by 
volume or more of He. 

9. A process for producing optical glass 
according to daim 1 substantially as hereinbefore 

86 described with reference to any one of the 
Examples. 
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